Objective: To examine effects of preseason baseline headache and posttraumatic headache (PTH) on neurocognitive function.
INTRODUCTION
Sport-related concussion may result in a cluster of symptoms ranging from headache to dizziness. Headache is a hallmark symptom of concussion and occurs in up to 86% of concussed individuals. Loss of consciousness (LOC) and posttraumatic amnesia (PTA) are frequently used as indicators of concussion, although LOC occurs in only 9% of cases and PTA occurs in only 23%. 1 Despite being the most common concussive symptom, posttraumatic headache (PTH) is often dismissed. Although common, there is a limited understanding about the relevance of headache and its relationship to return-toplay (RTP) decisions. Current literature suggests a relationship between neuropsychological test scores, prevalence of symptoms, and the presence and severity of PTH. 2 Posttraumatic migraine (PTM) may also affect clinical measures. Individuals suffering from PTH with PTM features may suffer greater neurocognitive deficits compared to a PTH group without those features and when compared to a nonheadache group. 3 These studies indicate important effects of PTH on clinical measures of concussion; however, the presence and effects of preinjury headache, whether episodic or chronic, have not been thoroughly investigated. Because of a limited number of studies, understanding of the effects of both PTH and preinjury headache on postinjury measures of concussion is incomplete. Many factors play a role, including type and severity of headache, number of previous concussions, severity of previous concussions, location/severity of impact, and severity of current injury. Literature suggests all of these factors play a role in the manifestation and duration of symptoms. Guskiewicz 4 reported that 30% of individuals suffering from 3 or more concussions reported symptoms lasting longer than 1 week following injury compared to 14.6% of individuals with history of only 1 previous concussion. One of few studies involving headache and concussion reported an increase in number of symptoms and severity in individuals with a higher PTH score. 2 Although literature suggests a relationship between number of previous concussions, symptom frequency, and other clinical measures, the role of headache in this relationship is less understood.
Clinical outcome measures provide clinicians with valuable information. Certain symptoms may signal disruption in brain function. Because headache is the most common of these symptoms, its effects on clinical measures are important to clinicians in management and RTP decisions. Headache is also commonly experienced within healthy individuals, which may underemphasize the clinical significance of headache during postinjury evaluations. Therefore, the primary purpose of this study was to examine the effects of PTH and preinjury assessment headache on clinical measures of concussion. Our secondary purpose was to examine the association between both preinjury assessment headache and PTH with frequency of previous concussion.
METHODS

Subjects
Subjects were recruited for this study on the basis of participation in high school or collegiate basketball, football, lacrosse, or soccer at randomly selected high schools (110) and colleges (14) across the eastern United States. Subjects (age 16.65 6 1.87 years) attended schools that employed a certified athletic trainer to oversee athletic health care. The certified athletic trainers were responsible for all data collection at their respective schools.
Testing Protocol
This study involved data collected on 247 athletes with a concussion. All subjects completed preseason baseline testing and serial postinjury testing. Testing involved completion of the Graded Symptom Checklist (GSC), Standardized Assessment of Concussion (SAC), and Balance Error Scoring System (BESS) at baseline and on postinjury days 1, 3, and 7. Subjects completed Automated Neuropsychological Assessment Metrics (ANAM) testing during a subacute testing period (day 1-2 postinjury) and a prolonged testing period (day 5-7 postinjury).
Subjects were part of a larger 4-arm study; however, we only used 3 of the study arms in our study (Table 1) . In relation to preseason headache, subjects were grouped by those with a positive baseline headache score (PHA) and those with a negative baseline headache score (NHA). For PTH scores, subjects were grouped by reported GSC headache score at day 1 postinjury. Those with a PTH score of 0 were placed in the no-headache group, those with a PTH score of 1-2 were placed in the mild PTH group, and those with a PTH score of 3-6 were placed in the moderate to severe PTH group.
INSTRUMENTATION Graded Symptom Checklist
The GSC is a 7-point Likert scale that allows individuals to self-report and rate concussive symptoms. Current literature suggests this is a commonly used measure of symptomatology following sports-related concussion. 5, 6 We used a 20-item checklist that included common symptoms associated with concussion. Total symptom score and total number of symptoms endorsed served as dependent variables.
Automated Neuropsychological Assessment Metrics
For the purposes of this study, ANAM was used in assessing neuropsychological function. We used an overall composite score and the scores of 5 subtests. The 5 subtests in the study were simple reaction time (SRT), continuous performance test (CPT), math processing (MTH), Sternberg memory (STN), and match to sample (MTS), which assess various cognitive processes including reaction time, working memory, concentration, and mental processing. Subjects were tested on all 5 subtests with the SRT and CPT subtests being repeated at the end of the battery during each testing session. 7, 8 We then calculated the composite Z-score, which represents overall neuropsychological performance, by adding the Zscores from all ANAM subtest individual throughput scores (number of correct responses per minute). Composite scores and throughput score served as dependent variables.
Standardized Assessment of Concussion
The SAC was used to assess mental status. This instrument assesses orientation, immediate memory, delayed recall, and concentration. The SAC has been shown to be sensitive and specific in detecting mental status deficits. [9] [10] [11] [12] The total SAC score was used as a dependent variable.
Balance Error Scoring System
The BESS, which has been shown to be a reliable and valid measure of postural stability 13, 14 was used in our study. We used 6, 20-second trials of 3 different stances (double-leg, single-leg, tandem), performed of 2 different surfaces (firm, foam) with eyes closed. Individuals were asked to perform the single-leg task on the nondominant foot. Dominance was defined by which leg would be used to kick a ball. 13, 14 Errors 
Part of a 4-arm study. Our study only used 3 arms. 
Data Analyses
Data analyses were conducted using SPSS 13.0 (Chicago, Illinois). Scores on the BESS, SAC, and GSC investigating the effects of headache reported at baseline were analyzed using 2 3 4 repeated measures, mixed model analyses of variance (ANOVAs). The effects of PTH on these measures were analyzed using 3 3 3 repeated measures mixed model ANOVAs. The effects of headache reported at baseline on ANAM were analyzed using 2 3 3 repeated measures mixed model ANOVAs. Finally, 3 3 2 repeated measures mixed model ANOVAs were used to determine the effects of PTH on ANAM. Tukey post-hoc analyses comparing specific group means were performed on all significant interactions. The association between previous history of concussion and headache reported at baseline and between previous history of concussion and PTH was analyzed using 2 chi square tests of association. Level of significance (P , 0.05) was set a priori for all statistical analyses. Headache score was removed from all GSC analyses as it served as the classifying factor.
RESULTS
We observed a significant relationship between preseason baseline headache group and concussion history (x2(3) = 14.48, P = 0.002). A Crosstabs analysis suggested individuals who reported 3 or more previous concussions were more likely to report headache at baseline (Table 2 ). There was no significant association between PTH and a history of previous concussion. Seventy-six of the 106 subjects who reported headache at baseline also reported PTH at day 1 postinjury.
The next series of analyses examined the effects of headache reported at baseline on the GSC, the SAC, and the BESS. A repeated measures ANOVA revealed no significant effects of headache on the BESS. An interaction effect (F 3,267 = 3.25, P = 0.027) and a main effect of day (F 3,267 = 5.18, P = 0.002) were observed for the SAC. An interaction effect was also observed for symptom total score (F 3,675 = 3.41, P = 0.03) and total number of symptoms endorsed (F 3,675 = 5.63, P = 0.024) on the GSC. Tukey post-hoc analyses revealed that individuals reporting headache at baseline displayed an increase in symptom severity and presence when compared to the group reporting no headache at baseline on day 1 postinjury and had a similar symptom score by day 7 postinjury. A main effect of day was observed for symptom total score (F 1,225 = 77.75, P , 0.005) and total number of symptoms endorsed (F 3,675 = 108.94, P , 0.005) ( Table 3 ), suggesting that all groups displayed a greater number of symptoms and an increase in severity at days 1 and 3 postinjury with symptoms resolving by day 7 postinjury.
Investigation of the effects of headache reported at baseline on neuropsychological performance (ANAM) revealed no significant interactions for any ANAM subtest, although a main effect of day was observed for all subtests (P , 0.05), suggesting a practice effect may have resulted in improved scores during serial testing.
The final series of analyses examined the effects of PTH on the GSC, the SAC, the BESS, and ANAM. A repeated measures ANOVA revealed no significant findings for the SAC or the BESS. However, interaction effects and a main effect of day were observed on the GSC for symptom total score (F 4,458 = 24.98, P , 0.005) and total number of symptoms endorsed (F 4,458 = 20.88, P , 0.005) ( Table 4 ). All groups displayed an increase in symptom severity and presence at day 1 postinjury but improved to within normal range by day 7 postinjury. Tukey post-hoc analyses revealed the moderatesevere PTH group displayed an increase in symptoms and severity when compared to the other 2 groups across all days; the mild PTH group was significantly different than the no-PTH group only at day 1 postinjury for total symptoms endorsed and total symptom score.
Regarding total symptoms endorsed, an increased score was also found at day 3 postinjury for the mild PTH group compared to the no-PTH group. When considering the effect of PTH on neuropsychological performance, a repeated measures ANOVA revealed interactions for the ANAM composite Z-score (F 2,41 = 4.98, P = 0.01) and the individual throughput scores for SRT 1 (F 2,40 = 3.36, P = 0.46), Continuous Performance Test 1 (concentration and working memory) (F 2,41 = 3.89, P = 0.028), Sternberg Memory Search (working memory) (F 2,39 = 3.67, P = 0.035), SRT 2 (F 2,38 = 6.06, P = 0.005), and Continuous Performance Test 2 (F 2,42 = 4.64, P = 0.015). Tukey post-hoc analyses revealed these interactions to be a result of significant improvement in the severe PTH group's scores during the prolonged testing session. A main effect of day (P , 0.05) was observed for all throughput measures except matching to sample (Table 5 ) because all groups score lower at the subacute testing period and improved during the prolonged testing period.
DISCUSSION Preseason Baseline Headache
To our knowledge no study has examined effects of headache in nonconcussed athletes on clinical measures of concussion. Our study suggests that individuals reporting baseline headache may display an increased presence and severity of other symptoms. In regard to neuropsychological testing, there were no significant interactions found, suggesting that headache at baseline may have little effect on this type of neuropsychological testing battery. All groups displayed deficits at the subacute testing session (days 1-2 postinjury) with improvements at the prolonged testing session (days 5-7 postinjury). This is consistent with literature (ie, deficits appear postinjury and begin to resolve over time). As a result of practice effects, individuals often demonstrate improvement in testing by day 7 postinjury. Another important finding was the association between previous history of concussion and headache reported at baseline. Individuals suffering from 3 or more prior concussions were more likely to report headache at baseline than individuals with a history of less than 3 prior concussions. This finding is consistent with literature suggesting that after 3 or more prior concussions, long-term repercussions and a delayed recovery may be present. 4 This association parallels our finding, suggesting that individuals experiencing headache at baseline display an increase in symptoms and slower symptomatic recovery than individuals who do not report headache at the preseason baseline. 
Posttraumatic Headache
We also examined the effects of posttraumatic headache on these same measures. We found that individuals reporting PTH reported an increased number and severity of symptoms when compared to individuals not reporting headache. This finding was magnified by severity, suggesting that headache severity may indicate increased acute dysfunction following concussive injury. We also found that individuals reporting moderate to severe PTH performed more poorly on mental processing and reaction time tasks than the other groups at day 1 postinjury, but displayed significant improvement by day 7 postinjury. Although this finding may seem ambiguous, individuals with moderate to severe PTH were evaluated more frequently because they reported more symptoms, leading to these individuals completing testing more often than individuals in the other groups and therefore increasing the practice effects. These results suggest that the increased neurocognitive deficits in these individuals were likely a result of both the headache and the concussive injury.
Headache, Concussion, and Pain
Current literature suggests pain, including headache, affects concentration, mental processing, and reaction time. Our study reinforces these findings because PTH significantly affected mental processing and the reaction time measures. These findings support literature suggesting PTH is a sign of incomplete recovery and may be an indicator of other neurocognitive deficits. 2 Because headache often precedes other postconcussive symptoms, the neurocognitive and other aspects of postconcussion syndrome may be at least, in part, the result of the headache. 15 Whereas some investigators have observed neuropsychological impairment in cases of PTH, there are no published studies that help to explain the potential sources of these deficits. Many confounding factors, including pain, actual brain injury or other causes may contribute to neuropsychological impairment. 16 Athletes with posttraumatic headache in our study scored worse on postinjury assessments when compared to those without posttraumatic headache. We found significant effects of PTH on neuropsychological measures but no significant effects of headache reported at baseline on these same measures, suggesting that the differences may be a result of the combination of headache presence and concussion. The observed differences may best be explained by the notion that headache, concussion, and general pain may all have some effect on neurocognitive function.
Limitations
The present study is not without limitations. The number of males greatly outnumbered females in our study, which may have lead to skewed data, especially in relation to headache because females in general are more likely to experience headache. Additionally, we only tested out to day 7 postinjury. Although many of the symptoms of concussions resolve by day 7 postinjury, many do not resolve until day 10 postinjury or beyond. Additionally, several athletic trainers participating in the study conducted their testing at different sites, which may have resulted in some variability in testing procedures and timing. We believe the greatest limitation of our study was the small subset of individuals completing the ANAM testing battery at all times outlined in the study protocol. In some cases, this lead to a small sample size, decreased power, and an unbalanced group design that may have resulted in an inability to identify true group differences.
Clinical Implications
Headache is common in both athletes and nonathletes, supporting a need for a better understanding of its effects on clinical measures of concussion and neuropsychological assessment measures. Our study suggests that individuals suffering from headache at baseline, as well as individuals reporting headache at day 1 postinjury, display an increased number of symptoms and an increase in intensity of symptoms initially following injury and throughout the course of recovery, reinforcing the current head trauma literature emphasizing the importance of being asymptomatic before returning to play. With regard to PTH and symptoms, headache may represent an incomplete recovery following injury. Our study only followed subjects out to postinjury day 7, and previous literature has only investigated out to day 10. Future research should investigate these effects further from time of injury and the effects of headache in a healthy, physically active population. Studies should include both no-headache and headache test sessions to isolate the effects of headache on these clinical measures. Finally, our study reinforces the suggestion by other researchers (Randolph 2005 ) that neuropsychological testing should be used to measure recovery only after complete symptom resolution. 17, 18 If the athlete is asymptomatic, the neuropsychological test results would provide clinicians with more valuable information regarding neurocognitive abilities of the individual, independent of symptoms that may be influencing the assessment.
CONCLUSIONS
Although other concussion studies have examined common clinical measures, few have examined the effects of headache on those measures. Current research suggests that headache may affect an individual's performance on neurocognitive tasks. These studies display an increase in postconcussive symptoms and deficits in neuropsychological test scores in individuals reporting PTH. 2, 3 Our findings are consistent with those of Collins et al 2 and Mihalik et al 3 because individuals reporting PTH display an increase in the incidence and severity of symptoms and increased neurocognitive deficits. There has been some contemplation in the literature regarding the role of headache in RTP decisions. Our study suggests that individuals with PTH demonstrate increased neurocognitive deficits following concussion and that headache may be an indicator of decreased neurologic function and/or may be a causative factor in the increased deficits.
As clinicians, we should be mindful of headache presence in our healthy and unhealthy athletes both preinjury and postinjury because the presence of a headache apparently affects cognitive function to some degree. These findings may cause clinicians to rethink the practice of conducting preseason baseline assessments during preseason camp, when headaches may be present as a result of dehydration, heat, or overexertion and therefore confounding the results of the baseline testing measures. Clinicians should consider these findings when interpreting clinical measures and ask whether an individual's headache (presence and severity) could be negatively influencing the cognitive abilities clinical measures are designed to assess. Clinicians should be especially mindful of headache in athletes with a concussion because it is a sign of incomplete recovery and impairment in neurologic function.
